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INTRODUCTION

On numerous occasions, gquestions have arisen concerning
the strength and deflection characteristics of the various materials
and designs used or proposed for use as guard rall posts. In the
past, test information has been meager and unreliable.

Therefore, on March 1, 1956, Mr. F. N. Hveem authorized
a testing project {(Laboratory Project Authorization No. 6070) to
determine ultimate strength and load deflection curves of redwood,
treated Douglas Fir, concrete cast in asbesstos-cement pipe, spllt
rolled~steel sections, and rallroad rall and rolled Wi beam speci-
mens. Test data obtained for these types (direct cantilever
loading) are submitted herewith, Together with a discussion of the
equipment, test specimens, and testing method used. This report
is designated as Part I. Additional tests, which will include
addltional types of specimens and will perhaps involve application
of stress parallel as well as perpsndicular to the face of the
post, are planned for the near future. These will be covered in a
later report.

SUMMARY

The object of the testing program was to obtain com-
parative ultimate strength and deflection test data on the various
materials. The designs and dimensions of the specimens used were
equivalent to those in use, or proposed for use, as posts so as to
obtain a comparison between typical post sectlons rather than
between equal areas of the materials.

The materials and sections used included:

8" x 8" Redwood and Treated Douglas Filr
Timber Posts

Conerebe cast in 7" and 8" Asbestos-Cement
Pipe (with two different methods of rein-
forcement)

Rolled steel 10" - H.P. - L3# section split
diagonally through the web

6" WF - 15,.5# steel beam

—~ 60 1b. used rallroad rail.

Additional details of the specimens are degscribed under
"Tegt Specimens™.

_ClihPDE—spiny—fast-e-eon
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< The concrete sections, poured in asbestos-cement pipe
fo?ms, had been suggested as an inexpensive type of post for guard
rail. This type was therefore included in the tests for comparative
evaluation.

The specimens were subjected to static cantilever loading.
The unsupported length of the cantilever specimen was equivalent to
the distance a post normally extends above the ground. At the
beginning of the tests, the primary loading was transmitted to the
specimen through the standard spring bracket bolted to the specimen,
Use of the bracket was disconbinued when it was found that it had
1ittle or no effect on the end results when the load was applied
normal to the face of the post. Timber and concrete posts were
tested to complete failure., Tests on steel posts were considered
complete when "permanent set" had developed. Equipment and testing
are described in greater detail under "Testing Details'.

The test results are tabulated and graphed in Plgures 9
through 1), of the Appendix.

This project was Intended primarily to provide reference
data for designers and specification writers of the Division of
Highways rather than to furnish specific recommendations.

The test results are in general self-explanatory.

In evaluating the results, it should be borne in mind
that the tests involved slowly applied loads and that in all
probability there would be some difference if the loads were
applied rapldly in the form of sharp impact or collision. Such
loads are very difficult to simulate 1In any method other than by
setting up a full scale test with typical vehicles. The shock
absorbing qualities and deceleration effects of the average

- automobile body and frame are substantial and have far greater
effects in reducing impact than can be expected from the rather
light spring mounted bracket currently being used on our guard
rail installations. Also, 1t must be emphasized that the strengths
of the posts were measured under direct bending forces and do not
necessarily reflect the abllity of the various types of posts to
withstand the twisting action which is developed virtually every
time that a guard raill is struck. It is obvious, of course, that
a steel beam pguard rail distributes the force of collision among
a number of posts. Such collisions involve a pulling action on
the beam and & consequent twisting or "sideways" effect on every
spring mounting of the type now being used.

A veview of the tabulation of results {(Figure 10) apd
of the composite deflection graph (Figure 1llii) shows the following:

1. PFor all the concrete posts, the total stress
at failure was very low in comparison with
~— the other post sections. The highest values
for the concrete were obtained with the mesh-
reinforced concrete in the 8" pipe, but the
variation among the three concrete designs
tested was nobt very great. The concrete

—CHhPBF=wrrrvsfastrorcom
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poured in 7" plpe and reinforced with #1. bar
showed comparatively high deflectlons in
addition to the lowest ultimate value of the
series. It would appear that the concrete
posts would have to be made in larger
sections and have considerably more rein-
foreing in order to be structurally com-
parable to the other types. Any economic
advantage would be correspondingly reduced.

2. The ultimate total stress for the treated
Douglas fir is about the same as that for
the 6" WF-15.5# beam. The redwood strength
was lower but still considerably more than
that of the concrete and split-beam sections.

3. The split E-beam showed comparatively low
ultimate strength and high deflectlons.

i, The tests indicated the railroad rall to be

structurally comparable to the standard
timber and WF beam sections.

TEST SPECIMENS

The post sections were not specially prepared for
testing. They were of the same dimensions and in the same condition
as if delivered to the jobsite for installation.

The redwood posts were 8" X 8" x y18", dense select
structural grade S4S, per Standard Specifications. The Douglas fir
specimens were 2lso typical of standard Specification post materlal.
They were 8" x 8" x L,18", construction grade siS, full cell pressure

treated.

The split steel beam specimen was fabricated by splitting
a 10" - HP - L3# section disgonally through the web, thereby making
two posts from a 118" length of beaum. The second type of steel
post was a standard 6" - WP - 15.5# beam. The third btype of steel
poat specimen was & section of 60 1lb. used rallroad rail.

The concrete posts were made in line with a proposal of
the Johns-Manville Company by filling asbestos-cement pipe forms
with concrete. Omne set was reinforced through the center with a
gtandard half-inch reinforcing bar. The asbestos-cement plpe was

7% air vent style.

The second and third sets had cages made of wel%ed w%rs
fabric, fabricated from 6 gage cold-drawn wire spaced at 4" X 6

centers wlth the cages placed approximately " under the surface.
The asbestos~cement form in each case was atandard asbestos~cement
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pipe, gwith a greater wall thickness than the alr vent type). Seven-
inch diameter pipe was used in one set and eight-inch 1n the other.

' _ The concrete for all these specimens was (lass A 6 sack,
with l-inch maximum size aggregate and approximately 2% inch slump,
and was cured 28 days in open air.

) The speclmens were numbered for identification. The
numbering key appears as Flgure 9 of the Appendix.

TESTING DETAILS

Figures 1 and 2 and 8 show the position of the speclmen
in the Universal testing machine and the manner in which the stress
was applied. The load was applied at & constant rate and deflection
readings were taken at various increments up to fallure, using the
deflection indicating apparatus shown in Figures 1 and 8.

The failure of the timber and concrete specimens was
instantaneous in all cases. Testing of the steel specimens was
considered complete when a definite permanent set was obtalned.

Pigures 1 through 7 of the Appendix show various phases
of the testing.

Pigure 8 1s a dlagram of the apparatus and position of
the posts. Figure 9 shows the numbering system used to ildentify
each type of specimen,

Figures 10 through 1l are tabulations and graphs showing
the results of the tests. Figure 15 1s a comparative tabulation
of costs and other data on the posts tested in this first phase of

the progran.

DISCUSSION AND CONCLUSIONS

The testing was limited to static cantilever loading
as described. However, it is belleved the teast results provide a
useful structural strength comparison of the various typical post
sections tested, for reference in design and specification writing,
as well as for general information.

The results, as tabulated and graphed in Figures 9 through
1l are in general self-explanatory.

Some general conclusions indicated by the test results
are as follows:

ClibhPDE - wainfast-o-co-aa
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The concrete post cast in asbestos-cement
pipe, as suggested by plpe manufacturers,

is not structurally comparable (at least

for the design, dimensions, and reinforcing
used for the tests) with the standard timber
and steel post sections now in use. This is
also true of the split H-beam sections.

2. The standard treated Douglas fir posts are
much stronger than the redwood and compared
favorably, under the conditions of the test,
with the steel rail and H-beam sections.

3., As would be expected, the redwood post showed
a lower ultimate strength than the Douglas
fir, 6" - WF - 15.5# beam, and steel rail
sections, but nevertheless appears toc be
structurally superior to the concrete and
split beam sections, by a substantlal margin.

. These strength relationships do not necessarily
reflect the behavior under sudden blows or shock,
However, there is no reason to expect that the
relationship for the H-beam or timber posts
would be rmch affected. There might, however,
be some guestion about rail steel, and it is
virtually certain that concrete would be more
adversely affected. A more exact evaluation,
however, could only be obtained by tests on
a full scale installation.

5. The data do not show the relative ability of
these posts to withstand torsional strains or
lateral pulls on the bolts which might tend
to shear the bolts or split the posts.

In addition to the relationships indicated by the fore-
going test serles, other considerations must be borne in mind in
any over-all evaluation of guard rall posts.

(a) Treated Douglas fir posts are not only
stronger but undoubtedly resist decay much
better than Redwocod under all conditions.

(b) Redwood posts often have a better surface
finish and are reportedly preferred by
maintenance foremen because of ease in

painting.

{(¢) Metal and concerete posts would be free from
deterioration in the ground and would be

— permanently fireproof.

(d) The cylindrical concrete posts enclosed in
an asbestos cement tube would present a
smooth, uniform appearance and would be

ClibPDE - wniniLfasto-com
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fireproof and free from decay and should
require no painting or other maintenance.
If broken, however, they would have little
salvage value.

As a final word of cautlon, 1t must be recognized that
the limiting factor in most present guard rail installations is
the resistance of the ground in which the post is imbedded. In
other words, the posts are usually knocked out and dislodged
before they are broken and in most cases the strength of timber
posts exceeds the ability of the ground to hold the posts in

place.



http://www.fastio.com/

Figure
Figure
Figure

Figure

Filgure

2 ow v

T

Figure 6

Flgure

Figure

Flgure
Pigure
Figure
Figure
Flgure
Figure

figure

10
11
12
13
1L
15

APPENDIX

Photographs (Figures 1 through 7):

Redwood post In place for testing.
Typical failure of a timber post.
Split steel post in place for testing.

Shows stress lines developing in web of steel
post during testing.

Concrete post in place for testing.
Typical fallure in concrete posts.

Complete failure of concrete posts.

Other Exhibits:

Diagrammatical view of apparatus and position
of posts in cantilever test.

Identification of spescimens.

Tabulation of results.

Stress - Deflection graphs of timber posts.
Stress - Deflection graphs of steel posts.
Stress - Deflection graphs of concrete posts.
Composite graph.

Comparison Table (with costs)
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Figure 1
Redwood post in

place for testing.

Flgure 2
Typical fallure of

timber post.
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% §Z Figure 3
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' i ..v Split steel post in
;;??ﬁbg place for testing.
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Figure L
Shows stress lines
developing in web
of steel post during

testing.
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for testing.

Pigure 5
Concrete post in place
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Figure 7

Complete failure of concrete

posts.
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STATIONARY PLATEN

i LOAD CENTER

SPRING TYPE
GUARD RAIL BRACKET

|9"

I

I

0008
| 3

10000

.

|

8"'x8"x4'-8" H
GUARD RAIL POST H
i

|

AF

q::_

‘®,_

[T
'H

A

MOVING PLATEN /

I

PRIMARY LOADING WITH GUARD RAIL BRACKET IN PLACE

{Ultimate Loading - Guard Rai! Bracket removed and
point_load gpplied at load center.)

SCHEMATIGC DIAGRAM OF

CANTILEVER LOADING ON GUARD RAIL POSTS

WA fAsTo.C.o.mm



http://www.fastio.com/

Specimen No.

Figure 9

IDENTIFICATION OF SPECIMENS

1, 2, 3
L, 5
7, 85, 9

10, 11, 12
13, 13-4
1y, 1h-A
15, 16, 17

18, 19, 20

Redwood
Split H-Section

7" asbestos-cement plpe with
L# reinforcing bar

Treated Douglas fir
Railroad rell
6" WE-15.5 1b. Section

7" asbestos~-cement pipe with
mesh cage

8" asbestos-cement pipe with
mesh cage

_ClihPDE - fasto-co-n
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figure 10

TABULATION OF RESULTS

GUARD RAIL POST TEST

Load
Lbs. Post Number - Deflection in inches

1 2 3 I 5 7 8 9 10

500 0,03 0.00 0.03 0.07 0,04 0.07 0.04 0,03 0.05
1,000 .06 .03 .07 .12 .08 .12 .07 .05 .10
1,500 .08 .09 .09 .19 .13 17 15 .08 .15
2,000 .11 .11 12 .23 .15 22 .19 .12 .20

2,500 .15 .1l .15 .27 .20 .17 .23
3,000 .18 .16 .18 .31 .22 .25
3,500 .23 .18 .20 .35 .27 .28
,000 .26 .21 .22 .39 .31 .30
4,500 .31 .2l .25 W42 .3h .33
5,000 .34 .26 .28 .43 .36 .35
5,500 .38 .28 .30 .47 4O .38
5,000 .03 .31 .32 .51 .Lh 0
6,500 A8 3L .35 .55 A8 A2
7,000 .51 .37 .37 .58 .51 i
7,500 .56 .39 .39 #.61 .56 L6
8,000 .60 il A2 .70 .63 A8
8,500 .66 -h% LB w35 93 .83 .50
9,000 A 18 w25 .53
9,500 .50 .51 1.63 .55
10,000 .51 .55 1.99 .58
10,500 .56 .57 . 60
11,000 .59 .60 .63
11,500 62 .63 .65
12,000 LB 66 .66
13,000 7L .72 .71
1l.,000 .81 .78 .75
15,000 .38 .80
16,000 .95 .85
17,000 1.03 .90
18,000 1.15 » 95
19,000 1.02
20,000 1.10
21’000 1.12
22,000 1.20
23,000 1.30
2li, 000 1-3§
22,000 1'%0
26,000 e

L1 12
0.03 0,03
07 .07
11 .09
1 .12
17 Al
20 .18
22 .20
2 .22
.26 2l
.28 .26
030 029
.32 .32
3 .35
36 « 37
.38 .39
LU0 42

.J_I..2 o)_l.

Ao Wk
NS 49
18 .52
.50 .55
.52 .57
.55 .60
.57 .65
.62 .72
.66 77
72 .85
78 . G2
BL 1.02
.92 1.15
1.00 1l.22
1.10 1.35
1,55
1.80

1.40
2.140

Failure 8890 1,520 18,000 8,500 10,000 2,100 2,440 2,640 26,00 26,000 22,000

0 Load

Set 0028 O.EL}. 0036 1.36 1005 1‘31 0020

% TInitial Yield Point

w3 Yield Point of Entire Section

0.50 0.25

fasio.com
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Lbs,

500
1,000
1,500
2,000
2,500
3,000
3,500
l, 000
I, 500
5,000
5,500
6,000
6,500
7,000
7,500
8,000
8,500
9,000
9,500

10,000
10,500
11,000
11,500
12,000
13,000
11,000
15,000
16,000
17,000
18,000
19,000
20,000
21,000
22,000
23,000
21,000
25,000
26,000
27,000

0.02

12

Figure 10
(Cont.)

Post Number - Deflection in Inches

13-4 1l

0.02  0.03
.0l .05
.05 .08
.06 11
.08 .12
.09 L1l
.10 16
.11 .17
.12 .18
.12 .20
«13 22
.13 .23
L1l .25
J17 .26
.18 .27
«19 .29
.20 .31
.21 $ 32
.22 3L
.23 .35
.2l « 37
.26 « 39
027 .L].l
.28 g2
.30 A5

%, 32 A9
.33 .52
« 3l .56
o 37 .61
«39 an
A2 .69
Ll .73
CLI-? -78
.52 .85
.58

w,68 1.05

#1,20

14-A

15

0,04 0.05

LO7
.09
A1

L1l
.17
.19
.20

22
2

2
.28
+29
a30
.31
.32

-3l
.38

#. 95
1.20

.07
009
12
.1l
nl?
.21
«23

16 17 18 19 20

0.0 0.04 0.0 0.03 0.03
.06 .06 .07 .05 .
.09 .09 .11 .0B .08
.12 .11 .14 .10 .10

17

16 L1k .13 .13
.19 .20 .16 .15
-2% .19 .18
.2 .20 .20

.33 .23 .23
.37 25 .26

Patlure 17,000 24,000 25,000 27,000 4,000 3,000 2,800 5,200 5,800 5,200

0 Load
Set

0405

045 0433

# Tnitlal Yleld Point

0.35 0.22

w5 Yield Point of Entire Sectilon

0.06 0.09 0.35 0.25 0.28

fasStho=-c0-m
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Figure 15

COMPARISON OF POSTS

Approximate Comparative Struc. Durability &
Type Cost, Installed  Strength (Cantilever Test) Ease of Maint.
Treated
Douglas Fir $7.00 Good Good
Redwood 7.00 Fair Fair
H-beam 10.00 Good Good
Split-beam 13,00 Foor Good
Concrete 10.00% Very Poor Good, but no

Salvage Value

Used Railroad
Rail (60 1b.) 8,00 Good Good

% Rough estimate by manufacturer

Above cost data are rough estimates based on limited data.
Additional and more accurate data on these and other types will be
furnished after completion of additional tests.
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